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Substituting the values of [Ag+]and [Ce4+h, we get
dt
_ d[CeHh

1+Ks[S]
= kobs[Ag+]
[S][CeH]{1+

[H+]
Kl }

k
[Ag+h[S] [CeH]+kObSK1[Ag+h[S][CeH] (7)
- obs l+Ks[S]
{l+Ks[S]}[H+]'"
At constant [Ag+h[S] [CeH], the- rate expression
is reduced to:
•
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of oxidation of these reducing suaars are their corresponding rates of enolization. Formic acid and 1,2,3trihydroxybutyric acid have been identified as the
oxidation products.

-

_ d[CeHh
dt

= K'+K"

_1_

[H+]

...

(8)

The reason for the inverse half order on [H+] is
due to the operation of the two terms in expression
(7). Such reasoning for explaining fractional order
dependence on [H+] has been advanced in chromic
acid oxidation of organic substrates6•
Further at
constant [acid] the rate expression takes the form (9).
d[CeHJT _ kObs[Ag+h[S][C~H]
(9)
dt
I+Ks[S]
...
This explains the first order with respect to Ag+
and fractional order with respect to substrate. Such
reasoning to explain the fractional order dependence
on [substrate] has been invoked earlier by Saiprakash
and Sethuram7 while studying the oxidation of
isopropyl alcohol by CeH. Thus it is possible to
postulate that Ag+ complexes with the substrate
to give a colourless adduct in a fast step which subsequently gets oxidized by CeH leading to products.
The product in each case is the corresponding
monoketo dicarboxylic acid.
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SINGH et at.l studied the kinetics of oxidation
of D-glucose, D-galactose and D-fructose by
Cu(II) in the alkaline medium in the presence of
complexing agents and reported that the reaction
is zero order with respect to [Cu(II)] and first order
with respect to [reducing sugars] and [OH-]. They
also observed that the reaction has an induction
period and shows autocatalysis due to CusO produced
in the system. These results were confirmed by
Marshall and WatersS and by Singh et al.s.
Since Cu(lI) oxidation of D-xylose and L-arabinose
in the presence of ammonia as complexing agent
has not been studied, prompted us to undertakei:he
title investigation. The system becomes homogeneous due to formation of soluble Cu(I)-ammonia
complex4, [Cu(NHa);J.
All the reagents used were AR grade samples.
The standard solutions of the reducing sugars, Dxylose (E. Merck) and L-arabinose (K.L. Laboratories,
England) were always prepared fresh. The rate
of oxidation was followed by estimating the Cu(I)
produced at different intervals of time against
standard solution of potassium dichromate. The
kinetic measurements for the rate of oxidation of
D-xylose and L-arabinose were carried out by
ammoniacal Cu(lI) at varying [reactants].
The oxidation of these reducing sugars started
after a slight induction period (Fig. 1, curve B). The
order of the reaction with respect to [Cu(II)] was
determined by keeping the concentration of other
reactants in large excess. Table 1 shows that there
is a gradual decrease in ks values with increasing
[Cu(II)], probably due to decrease in pH of the
system, which was confirmed by performing the
same study in a buffer of NH4Cl and NH40H (PH
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The oxidation of o-xylose and L-arabinose by
Cu(II) in the presence of ammonium hydroxide shows
that the reaction rate is independent of [Cu(II)] and
first order both with respect to [reducing sugar] and
[OH-]. The reaction has an induction period. A
general mechanism involving the intermediate enediol
anion has been proposed for the oxidation of these
reducing sugars. The results suggest that the rates
78

Fig. 1 o-xylose

(A) Plots of ks values versus [NH.OH] 1/1 for
and L-arabinose at 40° (I) [L-arabinose] = 6·0 X
1o-2M;
[CuSO •.5HIO] = 3·0 x 10-8M;
(II) [o-xylose] =
=5'40 X 1O-2M; [CuSO •.5H20] = 5·0 X to-8M. (B) A plot
of [Cu(IIn against time at 40° {[o-xylose] = 4'0 X 10-IM;
[NH,OH]
15'0 X 10-W;
[CuSO,.5H20] 8'0 X to-8M;
[KCI] = 4-68 X IO-1M}
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[NH40H]
the reactions do not proceed with
appreciable velocity and due to this reason the
intercepts on concentration axis are obvious.
On the basis of earlier findings3,5 and the
results obtained in the present study the probable
reaction mechanism shown in Scheme 1 may be
proposed_
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TABLE 2 ~ EFFECT OF VARYING [Cu(II)] ON THE REACTION
RATE IN iA BUFFER OF NH.CI AND NH,OH IN THE CASE OF
D-XYLOSE*

M

k,

~

+OH-

H - C - OH

--+

Final products

... (3)

I

mole litre-l
mole litre-1
X 103
R
min-l
M
min-l
*
10·0
6·0
7-5
8-0
5·0
7'3
7-4
7-3
7-3
7-4
7,3
Cu(I!)
= Cu(NH.H+
and Cu(I)*
= Cu(NH3)~
where
Cu(II)* --+
Cu(I) + 0
... (4) Scheme
1

*Simnar results have been obtained for L-arabinose.
I

The rate law in terms of disappearance of Cu(II)
is given by Eq_ (5)

I
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= 10'2)_; In buffer ks values are practically
constant: even with increasing [Cu(II)] (Table 2),
indicating zero order with respect to [Cu(II)].
Table 3 shows that ks values in the case of each
reducing isugar are directly proportional to [reducing
sugar]. rIhe ratio ks/[sugar] is fairly constant,
confirmiqg the first order kinetics with respect to
[reducing sugar].
The p~ots of ks versus [NH40H]I/Z at constant
concentr~tions of other reactants (Fig_ 1, curves
IA and ~IA) are linear with intercepts at concentration ~xis. This clearly explains that the order
with
--~--respect to [OR] is unity because [OH-] =
Ykb[NH10HJ.
As kb is constant hence in order
to calcul~te [OR] only [NH40H]I/Z has been taken
into con~ideration_ The intercepts on concentration axi~ indicate that after a certain minimum

k 2"fE'lC
(II)*]
Jl U

Now at steady state condition steps
give the value of [E] as:
[E]

= k_I[H20]
k1[S] [OR]
+k2[Cu(II)

... (5)
(1)

and (2)
... (6)

*]
In Eq. (6) S stands for reducing sugar.
Now substituting thfl value of [E] into the rate
law (5) the final rate expression reduces to (7)
-d[Cu(II)*] ~ klk2[S][OR][Cu(II)*]_

(7)

...
Further it can safely be taken on the observed
order of the reaction in [Cu(II)] that enediol anion
is rapidly oxidized by Cu(II)*, so it is quite probable
that k2 > k_l' The inequality kz [Cu(II)*]
k_1[H20] might be valid and rate law then reduces
to Eq. (8)
+k2[Cu(II)*]

>

-d[Cu(II)*]
dt

= k IefS1fOR]
Jc

... (8)

The rate expression (8) is in complete agreement
with our experimental findings. The above rate
law is also in complete agreement with the observations of Marshall and \Vaters2 and Singh et al.I•3•
The formation of hypothetical enediol anion as
an intermediate in the interconversion of reducing
sugars was suggested by Wohl and Neuberg6, Nef7,
Evans8, Lewis9 and Bumfordlo•
The rate expression
(8) indicates that the rate of enolization is actually
the rate of their oxidation. The induction period
observed is due to oxidation of Cu(I) produced
initially by dissolved oxygen3• Here in this reaction
79
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nothing like autocatalysis
could be observed as the
react~on vel~city decreases in the later part of the
reaction
(FIg. 1, curve B). Formic acid and
1,2,3-trihydroxybutyric
acid have been identified
as the oxidation products.
The authors are grateful to the CSIR, New Delhi,
for financial assistance.
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The extraction of chromium(VI) from hydrochloric
acid solutions by dt-rr-pentyl sulphoxide and di-n-octyl
sulphoxide in various diIuents is a slow process; the
rate controlling step being the formation of the
extractable species in the aqueous phase. The species
extracted, HCr03CI.2Sorg where S is the extractant,
are identified by studying the rate of extraction under
different extraction conditions.

SEVER~L
workers have reported the extraction of
chromiumfVl]
by tri-a-butyl phosphate
(TBP)
and tri-x-octyl phosphine oxide (TOPO) from different acid media>".
In the present note the results
of kinetic investigations on the extraction of Cr(VI)
from hydrochloric
acid solutions
by di-x-pentyl
sulphoxide and di-n-octyl sulphoxide are reported.
Analytical
grade or chemically
pure reagents
were employed.
The sulphoxides were synthesized
and purified as described earlier",
Procedure - In all the experiments equal volumes
of the two phases were equilibrated
for different
time in.terv~ls at 30° ± 1°, followed by separation
and estimation of the metal content in the aqueous
phas~ by. diphenyl
carbazide
method",
Vigorous
shaking did not affect the rate of extraction.
Experimental conditions were so chosen that the reduction of Cr(VI) to Cr(III) was negligible.
Th.e extraction
of. Cr(VI) from HCI (3-4·25M)
solutions by 0·02M di-s-pentyl sulphoxide in carbon
tetrachloride
as a function of contact time shows
that the rate of extraction is nearly independent of
acidity; however, the extent of extraction increases
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Fig. 1 - Dependence of initial rates of extraction of Cr(VI)
from hydrochloric acid solution by 0·02M
di-u-pentyl
sulphoxide on [H+] and [Cl"]
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with the [acid]. It is known that Cr(VI) exhibits
various
equilibria
in acidic
solutions-w-".
The
favourable removal of the metal as HCr03Cl into
the organic phase disturbs these equilibria in the
aqueous phase. Thus, the kinetic dependence
of
extraction on [acid] may be due to one of the slow
steps during the formation of the extractable metal
complexes.
Fig. 1 presents data on the initial rates
(dc/dt) of extraction at varying activities of H+/CI(mean ionic activity of HCl at constant Cl-/H+ concentrations'') from HCl+LiCI mixtures.
The orders
with respect to H+ and Cl: are 1 and 2 respectivelyt".
The extraction is nearly independent of the metal
concentration
(O·OOl-O·OlM).
The plot of log dcjdt
against log [Cr(VI)] shows first order dependence.
The extraction increases with increase in [neutral
ligand].
The order with respect to both the extractants is 2.
From the foregoing results the mechanism
of
extraction may be written as
(NH4)2Cr207+4HCI+4Sorg~2HCr03Cl.2Sorg
+2NH4Cl+H20
where S is the extractant.
The species extracted
are in agreement with the earlier reports1,9,1l,12.
The extraction of the metal from 3·5M HCI by
O'02M DPSO in various diluents, for a contact period
of 10 min is in the order: nitrobenzene
(D = 4·13)
> chlorobenzene > benzene > toluene>
xylene
> carbon tetrachloride
> m-cresol ~ chloroform
(D=O).
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